PATENT 
Atty, Docket No. 402801 
Express Mail Label No. EL 993396970 US 

IN THE CLAIMS 

1 . (Currently Amended) An improved Wavefront Coding system for 
imaging an object comprising: 

Wavefront Coding Optics having an aperture and including - 

a central region, wherein the central region applies an essentially constant 
phase profile to light from the object passing through the central region, and 

a peripheral region disposed about the central region, wherein the peripheral 
region applies a phase profile to light from the object that has altemating 
increasing and decreasing phase relative to the central region, and 

wh e r e in th e phas e profile appli e d by th e Wav e front Coding Optics is asph e ric 
and rotationally asymm e tric, and 

wherein the phase profile applied by the Wavefront Coding Optics alters the 
optical transfer function of the Wavefront Coding system in such a way that 
the altered optical transfer function is substantially less sensitive to focus 
related aberrations than was the unaltered optical transfer function; 

a detector for capturing an image from the Wavefront Coding Optics; and 

a post processing element for processing the image captured by the detector by 
reversing the alteration to the optical transfer function of the Wavefront Coding 
system accomplished by the Wavefront Coding Optics. 

2. (Original) The Wavefront Coding system of claim 1, wherein the central 
region comprises a rectangular aperture, and the peripheral region forms a rectangular 
frame around the central region. 

3. (Original) The Wavefront Coding system of claim 1, wherein the central 
region comprises a circular aperture, and the peripheral region forms a ring around the 
central region. 



Page 3 of 14 

Response to first Office Action in Application No. 09/942,392 



PATENT 
Atty. Docket No. 402801 
Express Mail Label No. EL 993396970 US 

4. (Original) The Wavefront Coding system of claim 1, wherein the central 
region comprises a rectangular aperture, and the peripheral region forms a ring around 
the central region. 

5. (Original) The Wavefront Coding system of claim 1, wherein the 
peripheral region comprises more than one concentric zone. 

6. (Original) The Wavefront Coding system of claim 1, wherein the phase 
profile applied by the Wavefront Coding Optics substantially follows the function: 

phase(x,y) = E [ U(|x|/Axi) Gxi(x) + U(|y|/Ayi) Gyi(y) ] 

where 

|x|<ljy|<l 
i=l,2,...,N 
and where U(z)=l if z > 1, U(z) = 0 otherwise 

0<Axi<l, 0< Ayi<l 

and where the sum is over the index i. 

7. (Original) The Wavefront Coding system of claim 1, wherein the 
peripheral region of the Wavefront Coding Optics applies substantially linear 
functions. 

8. (Currently Amended) The Wavefront Coding system of claim 7, 
wherein the phase profile applied by the Wavefront Coding Optics substantially 
follows the phase function: 

phase(x,y) = U(|x|/Ax) [[*]] sign (x) (|x|-Ax)/(l-Ax) 
+ U(|y|/Ay) [[*]] sign(y)(|y|-Ay)/(l-Ay) 

where 

|x|<i.|y|<i 

U(z) = 1 if z > 1, U(z) = 0 otherwise 
sign (z) = +1 for z > 0, sign(z) = -1 otherwise 

0<Ax<l, 0<Ay<l. 
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9. (Currently Amended) The Wavefront Coding system of claim 1 , 
wherein the Wavefront Coding Optics peripheral region applies substantially the sum 
of powers region phase function: 

phase(x,y) = £ U(|x|/Axi) as sign(x) [ (|x| -Ax,)/(1-Axi) f 

+ E U(|y|/Ayi) xi sign(y) [ (|y| -AyO/(l-AyO ]^^* 

where 

|x|<l,|y|<l,i=l,2, ...,N 
U(z) = 1 if z > 1, U(z) = 0 otherwise, 
sign(z) = 4-1 for z > 0, sign(z) = -1 otherwise, 
0<Axi<l, 0< Ayi<l, and where the summations are over the index i. 

10. (Original) The Wavefront Coding system of claim 9, wherein the 
Wavefront Coding Optics peripheral region applies substantially the cubic function: 

phase(x,y) = U(|x|/Ax) a, sign(x) [ (|x| -Ax)/(1 -A^) f + 

U (|y|/Ay) Xi sign(y) [ (|y| -Ay)/(l -Ay) f 

where 

|x|<i,|y|<i, 

U(z) = 1 if z > 1, U(z) = 0 otherwise, 
sign(z) = +1 for z > 0, sign(z) = -1 otherwise, 

0<Axi<l, 0< Ayi<l. 

1 1 . (Original) The Wavefront Coding system of claim 1 , wherein the 
Wavefront Coding Optics peripheral region applies substantially the function: 

phase {p,e) = E Q(p/Oj) GM 

where 

|P|< 1, 0<^<2pi 
i = l,2, ...N 



Page 5 of 14 

Response to first Office Action in Application No. 09/942,392 



PATENT 
Atty. Docket No. 402801 
Express Mail Label No. EL 993396970 US 

where 

Q(z) = 1 if z > 1, Q(z) = 0 otherwise 
0<fii< 1 

and where the sum is over the index i. 

12. (Currently Amended) The Wavefront Coding system of claim 11, 
wherein the the phase profile applied by the Wavefront Coding Optics substantially 
follows the function: 

phase {p,e) = E Q(p/0_i) p cos (wi 6 - 0i). 

1 3 . (Currently Amended) The Wavefront Coding system of claim 1 1 , 
wherein the fee phase profile applied by the Wavefront Coding Optics substantially 
follows the function: 

phase (p,d) = E Q(p/Ri) signangie( Mi ^ - offset ) Gpi (p) 

where sigUangieC </>) = +! if 0 < </>< pi, signangie( ^ ) = -1 otherwise; 

where the integer M controls the number of +/- sectors used around 

the eirele peripheral region , and offset controls the rotation of the +/- sectors. 

14. (Currently Amended) The Wavefront Coding system of claim 13, 
wherein the the phase profile apphed by the Wavefront Coding Optics substantially 
follows the function: 

phase (p,^) = E Qip/QOa, signangie(M5 - offset) [(p -mil]]i)/(l-iUI|]]i)]^'. 

15. (Currently Amended) The Wavefront Coding system of claim 13, 
wherein the the phase profile applied by the Wavefront Coding Optics substantially 
follows the function: 

phase (p,0) = Q(p/Q) signangie(M 6 - offset ) [(p - n)/(l-il)]^ 

16. (Currently Amended) AThemethod of designing improved Wavefront 
Coding systems comprising the steps of: 

designing Wavefront Coding Optics by - 
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selecting a central region of the Wavefront Coding Optics such that the central 
region applies an essentially constant phase profile to light passing through it; 

selecting a peripheral region of the Wavefront Coding Optics such that the 
peripheral region applies a phase profile to light passing through it that 
alternately increases in phase and decreases in phase relative to the central 
region; 

arranging th e p e riph e ral r e gion such that th e Wav e front Coding Optics ar e 
asph e rical and rotationally nonsymm e tric; 

wherein the phase profile applied by the Wavefront Coding Optics alters the 
optical transfer function of the Wavefiront Coding system in such a way that 
the altered optical transfer function is substantially less sensitive to focus 
related aberrations than was the unaltered optical transfer function; and 

selecting a post processing function for processing images from the Wavefront 
Coding Optics by reversing an alteration of the optical transfer function accomplished 
by the Wavefront Coding Optics. 

17. (Original) The method of claim 16 wherein the peripheral region apphes 
substantially linear phase profiles. 

18. (Original) The method of claim 17 wherein the peripheral region applies 
substantially cubic phase profiles. 

19. (Currently Amended) AThe method for increasing depth of field and 
controlling focus related aberrations in an imaging system for imaging an object at a 
detector, the method comprising the steps of: 

between the object and the detector, modifying the wavefront of light firom the 
object; 

the wavefront modifying step including the steps of applying an essentially 
constant phase profile to light passing through a central region and applying a 
peripheral profile that altemately increases in phase and decreases in phase 
relative to the central region to light passing through a peripheral region 
disposed about the central region; 
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the applying steps operating to r e sult in an ov e rall appli e d phas e profil e that is 
asphorical and rotationally nonsymm e tric; 

the applying steps operating to result in an overall applied phase profile that 
alters the optical transfer function of the imaging system in such a way that the 
altered optical transfer function is substantially less sensitive to misfocus 
related aberrations than was the unaltered optical transfer function; and 

post processing the image captured by the detector by reversing the alteration 
of the optical transfer function accomplished by the fee wavefront modifying 
step. 

20. (Original) The method of claim 19, wherein the step of applying a 
peripheral profile applies substantially linear fvmctions. 

21. (Original) The method of claim 19, wherein the step of applying a 
peripheral profile applies substantially cubic functions. 
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IN THE DRAWINGS 

The attached sheet of drawings includes changes to Figure 8. This sheet 
replaces the original sheet containing Figure 8. 

ATTACHMENTS: REPLACEMENT SHEETS 

A replacement sheet for Figure 8 is page 14 of this paper. 
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